BACKGROUND: A triple-dose abusive head trauma (AHT) prevention program (Period of PURPLE Crying) was implemented. The third dose consisted of an education media campaign. The study objectives were to describe the qualitative and spatial methods developed to target AHT prevention and to evaluate this campaign.
A busive head trauma (AHT) accounts for more severe injury in infants than any other mechanism and is the leading cause of death from abuse. 1, 2 AHT includes all types of mechanisms of abuse including blunt impact and the shaking of an infant or young child. The shaking, which has also been referred to as shaken baby syndrome (SBS), is a subset of AHT and subjects infants to rapid acceleration, deceleration, and rotational forces. 3, 4 It results in an inflicted traumatic brain injury, characterized by subdural hematomas, diffuse axonal injury, and retinal hemorrhages. 4Y7 Although the term SBS has been used for a number of decades, advances in the understanding of the mechanisms and clinical spectrum of injury associated with AHT have led the American Academy of Pediatrics to recommend the use of the term AHT, 3 so this is how we will refer to inflicted injury to the head and brain throughout the remainder of this article.
AHT often results in devastating outcomes with neurologic, cognitive, developmental, and visual impairments for survivors with mortality rates estimated up to 38% of victims. 8Y11 The monetary costs of abuse are also substantial, with the estimated total medical cost attributable to AHT in the first 4 years after diagnosis to be $47,952 (95% confidence interval, $40,219Y$55,685) per child (2012 US dollars). 12 The total lifetime economic burden of fatal and nonfatal child maltreatment in the United States has been estimated between $124 billion and $585 billion. 13 These health and financial costs of AHT support concentrated efforts for its prevention, as AHT is a completely preventable phenomenon.
One such AHT prevention program is the Period of PURPLE Crying (PURPLE). PURPLE is an acronym that stands for the characteristics of infant crying in the first few months of life: Peak of crying, Unexpected, Resists soothing, Pain-like face, Long lasting, Evening and late afternoon. 14 It was developed by the National Center on Shaken Baby Syndrome (NCSBS), uses positive messages to educate parents about normal infant crying patterns and why inconsolable crying can be frustrating, and provides infant soothing strategies to cope with a crying infant.
14,15 PURPLE is delivered via a ''triple-dose'' approach consisting of in-hospital education to parents from registered nurses (RNs) after birth (Dose 1), reinforcement from public health RNs during postdelivery home visits (Dose 2), and finally, public education through a media campaign (Dose 3).
14 This media campaign, the third dose, was developed to reinforce the messages of PURPLE among new parents and to raise awareness among friends, family members, and neighbors who could potentially serve as caregivers or provide emotional support to parents of newborns. 16 With financial constraints and approximately 350 potential billboard and sign locations, it was necessary to target our campaign to ensure it was reaching the population in greatest need of receiving the messages contained in the AHT prevention media campaign. Therefore, the study objectives were to describe novel qualitative and spatial methods developed to target AHT prevention messages and to evaluate the implementation of this media campaign.
PATIENTS AND METHODS
This study has a mixed-methods research design that incorporated a qualitative survey and quantitative spatial methods to target an AHT prevention media campaign. There is also an evaluative component to this study, in which the reach of the campaign was assessed via a population-based telephone survey. The Health Sciences Research Ethics Board at Western University approved this study.
The Media Campaign
A media campaign was developed by the NCSBS after a rigorous social marketing process of creating and pretesting media products, based on the Period of PURPLE Crying educational materials. A series of 10 focus groups were conducted to test the PURPLE materials and to identify which messages from the DVD and booklet were most resonant with the participants. Participants were surprised to learn that prolonged infant crying can be completely normal. Based on this and final message testing completed with intercept interviews, the resulting ''normalcy'' media campaign was developed. 16 This campaign, which positions infant crying as part of a normal developmental stage rather than caused by caregiver incompetence or an unhealthy infant, was adopted, and an artwork for the print advertisements ( Fig. 1 ) and 60-second radio spots were developed. 16 The print ads simply stated ''Sound familiar?'' next to a photo of a crying baby, then ''Learn about the Period of PURPLE Crying www.purplecrying.info,'' in an attempt to drive people to the Web site for more information. The radio spots had the sound of an infant crying, with a voiceover stating that it is normal for a healthy infant to cry for up to 5 hours a day but to never shake a baby. The radio ad ends directing listeners to the Web site, as well. Our available funds allowed for an 8-week campaign that was initiative in May 2010.
Campaign TargetingVSurvey and Spatial Analysis
A survey was undertaken with a panel of experts including pediatricians, RNs, abuse specialists, injury prevention specialists, trauma program manager, medical director, researchers, and communications specialists. The survey focused on the level of importance of factors in AHT and media campaigns, rated on a 7-point Likert scale (from 1 ''not important at all'' up to 7 ''extremely important''). Factors included the location of new families, previous AHT cases, high population density, high traffic volume, low median household income, percentage of lone-parent families, and location of child social services. The factors were transformed and then ranked and weighted using a pairwise comparison method to create criteria maps. The seven maps were then combined using Weighted Linear Combination in Geographic Information Systems (GIS) to produce a single map of the most suitable areas. With the use of coordinates provided from the municipality and sign owners, a GIS shapefile including point locations of every available advertising space (i.e., billboards, core media posters, transit shelters) in London (n = 349) was compared against the combined criteria map to identify which advertisement spaces were located in or within 500 m of the most suitable areas and to allow us to select preferred locations for AHT prevention advertisements.
Campaign Evaluation
The media campaign was evaluated via a populationbased telephone survey from May 5 to September 2, 2010. A survey module was developed on the PURPLE media campaign, as part of the Rapid Risk Factor Surveillance System. 17 Rapid Risk Factor Surveillance System is an ongoing public health telephone survey of 100 randomly selected adults per month who are 18 years or older living in the study region of London and Middlesex County in Ontario, Canada. The survey asks about a variety of health issues, and a module was added to specifically ask about AHT and the prevention media campaign (Appendix A). Descriptive statistics including totals and percentages were calculated on the responses, overall and stratified by age. Pearson W 2 was used to compare proportions by sex. Additional specifics on the analysis by question are presented in Appendix A.
RESULTS
Campaign TargetingVSurvey, Spatial Analysis, Media Site Selection, and Costs
The AHT and media factors targeting survey had a 100% response rate (n = 15; 3 pediatricians, 2 RNs, 1 abuse specialists, 3 injury prevention specialists, 1 trauma program manager, 1 trauma program medical director, 1 researcher, and 3 communications/media specialists). Based on the responses, the factors were transformed, ranked, and weighted. The resulting criteria weighting scheme based on the level of importance reported in the survey are presented in Table 1 , along with data source for the criteria maps that were created for each factor. Two examples of maps for new births and previous AHT cases are presented in Figure 2A and B, respectively. The darker areas of the maps have a higher AHT risk and, therefore, more importance for the AHT media campaign. Figure 3 represents the combination of the individual weighted maps for each factor. The spatial analysis revealed six areas throughout the city, which ranked highest in the combination of the AHT and media factors (Fig. 4) . Billboard locations throughout the city were overlaid to determine preferred targeted locations for prevention advertisements.
Based on the spatial analysis, the following media outlets were selected: five billboards, four core media posters, and six transit shelters in our six preferred areas. This was supplemented with six bus backs on city buses, two theater screen ads displayed along with other advertisements in a loop before the start of movies; 60-second radio public service announcements (PSAs); five live 10-minute radio interviews with physicians, RNs and injury prevention specialist on the messages contained within PURPLE educational materials including crying patterns, ways to sooth your baby, as well as dangers of shaking; and 1,000 posters distributed to physician offices, walkin clinics, child care centres, schools, and arenas. Social media including Facebook and Twitter was undertaken by the NCSBS to accompany the local media campaign.
The total costs of the media campaign were CAD $23,802.07 (approximately USD $21,697.43) for an 8-week campaign. This included the costs for customizing and printing the billboards and posters as well as the costs of renting the billboard and poster locations, radio and theater screen time. Not included in this total were the costs associated with developing and testing the print concept, artwork, and PSAs, which were provided by the NCSBS and completed by professors in the School of Journalism and Mass Communication at the University of North Carolina at Chapel Hill, a strategic communication firm and the NCSBS leadership team. 16 
Campaign Evaluation
A total of 404 adults with telephones were successfully contacted from May 5 to September 2, 2010. Our PURPLE ad campaign module directly followed the other core modules for all health units in Ontario. All 404 participants responded to both our PURPLE module and the core modules asked in the telephone survey. Overall, 23% of those surveyed reported having seen or heard of the PURPLE media campaign, with no statistical differences in the sex of the respondents (females, 26% vs. males, 18%; p 9 0.05) who had seen or heard of the campaign. Highest awareness occurred in the age group of 25 years to 44 years (43%). Awareness seemed to decline significantly in older age groups. Of those who had reported having seen or heard of the campaign, the majority (42%) heard of it from the radio; 16% saw or heard about it at the hospital; and 9% saw a billboard ad. Other less common sources cited include bus backs, posters, health professional, friends/family, or work. When asked about the main message of the campaign, 36% of those who reported having seen or heard of the campaign said that the main message had to do with babies crying, and 32% said it had to do with shaking babies. There were fewer than five respondents who reported visiting the Web site or who planned to go to the Web site for more information. Only 3% of the respondents were a parent or guardian of an infant at the time of the survey.
DISCUSSION
Media campaigns are a common tool used in health promotion and for the prevention of disease and injury. 18 A media campaign is the third component of the triple-dose Period of PURPLE Crying AHT prevention program. 1, 14 The goals of this ''normalcy'' campaign were to both reinforce the PURPLE education to new parents as well as to extend the information regarding infant crying and the dangers of shaking beyond the parents to their friends and family as well as the general public, to bring about a cultural shift in society's understanding and approach to infant crying, the primary trigger for AHT. 14, 15 This is regarded as a catalyst for decreasing the stress many new parents feel when dealing with the inconsolable crying of their infants. 14 During the past decade, meta-analyses of both health 19 and drug abuse prevention campaigns 20 have found an impact on the public's knowledge, attitudes, and even health behavior, although the effect sizes have been relatively small. It has been suggested that further increases to media campaign effectiveness can be maximized by following the design principles of effective campaigns, including conducting formative research, the use of theory, and segmenting audiences into subgroups to target based on demographic and risk characteristics. 18 Fortunately for the users of the PURPLE program, much time and effort were spent by the NCSBS to rigorously develop the media campaign component through multiple focus groups and pretesting the campaign messages with target audiences, based on the PURPLE educational materials. The selected campaign concepts underwent intercept interviews, resulting in further refinement until the final campaign materials were produced. 16 This process helped ensure the AHT normalcy media campaign's success, with the materials grounded on theory and having undergone extensive formative research. 18 Message targeting has been reported to be a major factor contributing to the success of previous health media campaigns. 21 The increased exposure of messages to the target group at most risk can translate into effective change in individual's beliefs and behavior. 21 To further increase the probability of our campaign success, our team developed a novel qualitative and quantitative method to target the campaign in the regions and population at greatest risk. The use of GIS as a tool to link social, economic, ecologic, and demographic factors is critical for better understanding of injury and its prevention. 22 The ability to map the distribution of injury and populations at risk as well as spatially analyzing these data can assist in the planning and targeting of interventions. 23 Indeed, the mapping of the factors deemed to be important to health and media experts for an AHT prevention campaign was used to target the campaign in areas of the city and populations in greatest need of the message. Visually displaying the multivariate relationships between the factors in a combined map and then overlaying the available media outlets allowed for targeted selection of the advertising sites. This process of amalgamating multiple maps of the demographic and other risk factors associated with disease or injury has been suggested to represent a more valid picture of risk than single-factor maps. 24 Combining sociodemographic and injury data with mapping can be a powerful, evidence-based tool for targeting interventions, including media campaigns. Targeting those individuals at risk allows for increased campaign effectiveness by focusing resources to a segmented, defined population. 18 Research has shown that targeted, well-executed media campaigns can have moderate effects on the public's knowledge, attitudes, and behaviors, which given the wide range of a mass media campaign, can translate into major public health impact. 18 In addition, previous research has demonstrated stronger effects for media campaigns that were supplemented with intervention components, as was the case with our campaign (i.e., Doses 1 and 2 of PURPLE). 18, 25 One of the study limitations was the inability to quantify the effect the PURPLE normalcy campaign had in the targeted population. So, while the campaign was targeted, because of financial constraints, the campaign evaluation was not. Based on the telephone survey, 23% of all those surveyed and up to 43% in the age group of 25 years to 44 years old were aware of the media campaign. The overall reach was slightly lower than the reported 36% to 42% reach of an average campaign 19 but likely represents an underestimate because we were not able to limit our evaluation to the few areas of the city that were targeted for the campaign. This broader evaluation area likely accounts for the smaller proportion (9%) of respondents that remembered seeing the billboard ads in those selected sites. In contrast, the radio PSAs were heard by nearly half of the telephone survey respondents. This suggests that for future media campaigns, funds may be more wisely spent on wider-reaching radio PSAs and social media, as opposed to billboard ads. Overall, the costs of this 8-week campaign were not prohibitive at nearly CAD $24,000 (approximately USD $22,000), as we only purchased billboard and radio airtime and were not required to support the extensive costs of campaign development and testing that was provided by the NCSBS. In fact, our costs represent approximately 10% of the estimated costs of only one child abuse victim. 13 Finally, while the ultimate goal of any public awareness campaign, in conjunction with an injury prevention program, is to decrease the incidence of AHT in infants, it was outside the scope of this study's objectives. It is, however, a very important outcome of the overall effectiveness of the triple-dose approach of PURPLE. Because the number of AHT treated at our pediatric trauma centre is low, we need to continue to gather more data on AHT cases to be able to determine the effect of our campaign comparing rates of AHT in the future.
CONCLUSION
AHT is a devastating intentional injury that often results in poor outcomes for the child and creates a substantial burden for the family, health care system, and society. Extending the primary prevention beyond new parents to the public is intended to create a cultural change in the way crying is viewed and can help decrease the stress on parents when their child is crying inconsolably, the trigger for AHT. Using the sociodemographic and risk factor data along with the GIS, we were able to identify locations within our city with high visibility, a high proportion of new families and specific risk factors for AHT. This allowed us to target our media campaign and increase the likelihood that our message was reaching the population in greatest need.
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